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ABSTRACT 

Context. The M 31 nova M31N 2008-J2a was recently found to be a recurrent nova (RN) with a recurrence time of about 1 year. 
This is by far the fastest recurrence time scale of any known RN. 

Aims. Our optical monitoring programme detected the predicted 2014 outburst of M31N 2008-12a in early October. We immediately 
initiated an X-ray/UV monitoring campaign with Swift to study the multiwavelength evolution of the outburst. 

Methods. We monitored M3 IN 2008-12a with daily Swift observations for 20 days after discovery, covering the entire supersoft 
X-ray source (SSS) phase. 

Results. We detected SSS emission around day six after outburst. The SSS state lasted for approximately two weeks until about day 
19. M31N 2008-12a was a bright X-ray source with a high blackbody temperature. 

Conclusions. The X-ray properties of this outburst were very similar to the 2013 eruption. Combined X-ray spectra show a fast 
rise and decline of the effective blackbody temperature. The short-term X-ray light curve showed strong, aperiodic variability which 
decreased significantly after about day 14. Overall, the X-ray properties of M3 IN 2008-J2a are consistent with the average population 
properties of M 31 novae. The optical and X-ray light curves can be scaled uniformly to show similar time scales as those of the 
Galactic RNe U Sco or RS Oph. The SSS evolution time scales and effective temperatures are consistent with a high-mass WD. We 
predict the next outburst of M3 IN 2008-12a to occur in autumn 2015. 

Keywords. Galaxies: individual: M 31 - novae, cataclysmic variables - X-rays: binaries - stars: individual: M31N 2008-12a 


1. Introduction 


Novae are the product of powerful outbursts occurring on white 
dwarfs (WD) in close binary systems where hydrogen-rich ma¬ 
terial accreted from the companion star accumulates on the WD 
surface until hydrogen fusion in degenerate matter leads to an 
explosive ejection of the accreted envelope. The expanding hot 
pseudo photosphere rapidly increases the optical luminosity of 
the system by four to eight orders of magnitude before fading 
more slowly. This “new st ar” is the optical nov a. For recent 
reviews on nova science see lBode & Evansl(l2008l) . 


When the ejected envelope expands, deeper and hotter lay¬ 
ers of the pseudo photosphere become visible. This leads to a 
hardening of the nova spectrum at an approximately constant 
bolometric luminosity until ultimately a super s oft X-ray sourc e 
(SSS) emerges (e.g. iHachisu & Katol I2006I : iKrautted l2008l) . 
Powered by stable hydrogen burning, the SSS phase typically 
lasts from months to years. Its end indicates the cessation of the 
burning and the descent of the WD luminosity and temperature 
back to quiescence. 


The underlying WD is not significantly affected by a sin¬ 
gle noya outburst. After a certain time, accretion resumes and 
leads to the next outburst. Recurrent noyae (RNe), in contrast 
to classical noyae (CNe), are those systems for which more 
than one outburst has been obseryed. This is a phenomeno¬ 
logical definition based on approximately a century of modern 
astron omical obseryations. All noyae can show repeated out¬ 
bursts (lEnelstain et al.l20(y^ on typical time scales o f megayears 
down to a few months f or the most extreme objects (lYaron et al.l 
I 2 OO 5 I : l^ato et alJ[2014ll . Together with an infrequent obserya- 
tional coyerage these different time scales mean th at currently 
only ten Galactic RNe are known (ISchaefeill2010l) . Howeyer, 
iPamotta & Schae^ (l2014t) recently suggested that about 25% 
of the ~ 400 known Galactic noyae might be potential RNe. Re¬ 
current n oyae are good candidate s for type-la supernoya progen¬ 
itors te.g. lKato & Hachi^l2012ll . 

For our large neighbour galaxy M 31, IShafter et al.l (l20J5h 
recently reported a comprehensiye archiyal study reyealing 16 
likely RNe among the almost one thousand known outbursts 
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(see the onl i ne cata loguf] of iPietsch et al.l l2007h . In X-rays, 
iHenze et~an (l2014ei hereafter HPH2014) presented updated re¬ 
sults from a dedicated monitoring su rvey of M 31 novae which , 
together with the archival analysis of lPietsch et al.l(l?005Ll2007h . 
resulted in an unprecede ntedly large sample of 7 9 novae with 
SSS counterpart (see also lHenze et alJl2010il201 ll) . A statistical 
analysis of the sample showed strong correlations between X- 
ray and optical nova parameters (HPH2014). Its proximity and 
size make M 31 the ideal target for extragalactic nova surveys. 

In late 2012 we realised that the repeated detections 
of M31N 2008-12a established the object as a likely RN 
dShafter et al.l l2012h . Subsequent ly, the 2013 eruptio n was 


monitored closely in X-rays by Henze et in (l2014aL here 


after HND2014) and studied bv lD^nlev et al.| (2014b[ hereafter 
DWB2014) in the optical (see also lTang et al.y^l4l) . The detec¬ 
tion of a bright and hot SSS phase clearly showed that another 
nova outburst had occurred only approximately one year after 
the previous outburst. 

Earlier outbursts had been detected in 2008 (the eponymous 
M31N 2008-12a found by Kabashima & Nishiyam^l) and 2011 
(M31N 2011-lOe; Korotkiy & Elenir J^, albeit o n ly wit h rela¬ 
tively sparse single-filter photometry. iTang et all (l2014h found 
another outburst in archival data of Dec 2009. Additionally, in 
HND2014 we recall two X-ray detections with ROSAT in 1992 
and 1993 (IWhite et al.ll99.^ and one Chandra detection in 2001 
(IWilliams et al.ll2004l) that can now be attributed with high prob¬ 
ability to earlier outbursts of M3 IN 2008-12a. 

The sixth outburst in seven years of nova M3 IN 2008- 
12a was predicted in HND2014/D WB2014 and successfu lly dis¬ 
covered in early October 2014 bv iDarnlev et al.l (l2014dl) as the 
result of a dedicated optical monitoring programme (see also 
iDarnlev et al.ll20143i . Optical spectroscopy confirmed the nova 
outburst a nd described a spectru m consistent with the previous 
eruptions (IDarnlev et al .112014^ . The optical an d UV proper¬ 
ties of the 2014 outburst are described in detail in IDarnlev et al.l 
(120151 hereafter DHS2015). 

We initiated a Swift monitoring campaign that detec ted the 
SSS phase soon after the outburst (iHenze et al.l l2014'dll3i and 
followed the X-ray light curve until the source had disappeared 
dHenze et al.ll2014bl) . This paper describes the SSS evolution of 
M31N 2008-12a during the 2014 outburst and draws compar¬ 
isons to the 2013 X-ray data. 


2. Observations and data analysis 


Immediately after the 2014 outburst of M3 IN 2008-12a was an- 


:ly 

nounced bv IDarnlev et al 


(I2014dh. we initiate d a daily monitor¬ 


ing campaign with Swift ( Gehrels et al.ll200^ . This programme 


began only 18 hours after the discovery and was designed to 
cover the complete SSS phase, as predicted, based on the 2013 
outburst (see HND2014). In 2013 the SSS was already visi¬ 
ble at the time of our first X-ray observation (on day 6 after 
the eruption, see HND2014. [Henze et al.ll20T3l) . This time, we 
were determined to constrain the SSS turn on of the nova more 
accurately. All monitoring observations are summarised in Ta- 
ble[T] We were granted a 20-day monitoring with daily observa¬ 
tions of 8 ks duration whenever the scheduling permitted. This 
monitoring, with exposure times that were considerably longer 


' http://www.mpe.mpg.de/~m3lnovae/opt/m31/index.php 
^ http://www.cbat.eps.harvard.edU/CBAT_M31.html#2008-12a 
^ http://www.cbat.eps.harvard.edu/unconf/followups/ 


J00452885-t4154094.html 


than in 2013, was designed to study the (spectral) variability of 
M31N 2008-12a in greater detail. __ 

The Swift X-ray telescope (XRT; iBurrows et al.ll20()^ data 
analysis started from the cleaned event files as produced at the 
Swift Data Center using HEASoft version 6.13. In our analysis 
we used HEASoft version 6.16. Count rates and upper limits 
were estimated with the XIMAGE (version 4.5.1) source statis¬ 
tics (sosta) tool. The background level was derived from a 
source-free region near the object. All estimates include cor¬ 
rections for vignetting, dead time, and the point spread function 
(PSE) of the source based on the merged data from all detections. 
All uncertainties correspond to Icr confidence and all upper lim¬ 
its to 3cr confidence unless otherwise noted. 

The X-ray spectra were extracted using t he Xselect soft ware 
(version 2.4c) and analysed using XSPEC (lArnaudlll996l ver¬ 
sion 12.8.2). Our XSPEC models assumed the ISM abundances 
from IWilms et al.l (l2000t) . the Tiibingen-Boulder ISM absorp¬ 
tion model (TBabs i n XSPEC), and the photoelectric ab s orptio n 
cross-sections from iBalucinska-Church & McCammonl (Il992h . 
Spectra were binned to include at least one count per bi n and 
fitted i n XSPEC assuming Poisson statistics according to ICashI 
(119791) . 

A typical Swift observation comprises several individual 
“snapshots” due to the low-earth orbit of the satellite. In this 
paper, we determined count rates and spectra to study the short- 
time (spectral) variability. This analysis was based on good-time 
interval (GTI) filtering of the event files. We created exposure 
maps for every snapshot and used identical source and back¬ 
ground regions to extract source counts. The resulting observa¬ 
tion parameters and measurements are listed in Table|2] Eor the 
variability analysis in Sect.[3]we excluded snapshots with expo¬ 
sure times of less than 50 s, because of the large uncertainties. 
All statistical te sts on the X-ray variability were pe rformed using 
the R software (IR Development Core Teamll201 ll) . 

We also analyse d the Swift UV/optical telescope (UVOT, 
iRoming et al.l 1200^ data and estimated the magnitude of the 
nova using the uvotsourc e tool. All magn itudes assume the 
UVOT photometric system (iPoole et al.l2008h and have not been 
corrected for extinction. 


3. Results 

The S S S phase of nova M31N 2008-12a was detected by Swift to 
have started on day six after the 2014 outburst and lasted until 
day 18. The position, spectrum and light curve of the X-ray 
source are in excellent agreement with the 2013 measurements. 
This shows beyond reasonable doubt that we did detect supersoft 
X-ray emission from the 2014 outburst of M31N 2008-12a. 

3.1. X-ray light curve 

To determine the X-ray time scales more precisely we as¬ 
sume here that the optical outburst occurred on 2014-10-02.69 
UT (MJD 56932.69) with an uncertainty of 0.21 d. This 
date is halfwa y betw een the discovery (2014-10-02.90 UT; see 
IDarnlev et al.l 12014^ and the last non de tection publishe d by 
the iPTE collaboration (2014-10-02.47 UT iCao et alJIMl . All 
time scales in this paper assume MJD 56932.69 as f = 0. Note, 
that DHS2015 define their f = 0 reference date as the optical 
flux maximum, which occurred almost exactly one day after our 
assumed outburst (MJD 56933.7, see DHS2015). 

The light curve around day six, as shown in Pig.[T](see also 
Tableia, suggests that we witnessed the gradual emergence of 
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Fig. 1. Swift XRT light curve (0.2 - 10 keV) of nova M3 IN 2008- 
12a during day six after outburst. Triangles indicate upper limits. Based 
on the individual snapshots of observation 00032613048 (see Table|2](. 
This observation likely shows the emergence of the SSS. 


the SSS during this observation {Swift O bsID 00032613048; 
see Table[T] and also iHenze et~^ 12014^ . We conclude that 
the SSS turn-on time (fon) was 5.9 days after outburst (MJD = 
56938.6; the midpoint of the observation on day six). We de¬ 
rive an uncertainty of 0.5 d, combined from the half duration of 
the XRT observation and the uncertainty of the optical outburst: 
fon = (5.9 +0.5) d. 


The X-ray luminosity of the nova rose quickly until reach¬ 
ing a plateau around day seven to eight after outburst. The full 
Swift XRT light curve of the 2014 outburst is shown in Fig.|2^. 
This figure also shows the 2013 light curve from HND2014 as 
a comparison in grey. Both light curves are very similar. We 
discuss these similarities in Sect. 14. II 


o 



Fig. 2. Swift XRT (a) count rate light curve (0.2 - 10 keV) and (b) 
effective black-body temperature evolution of M31N 2008-12a during 
the 2014 outburst (black). In grey we show the corresponding data of 
the 2013 outburst (based on HND2014). Time is in days after 2014- 
10-02.69 UT (see Sect. l3.1l l for the 2014 data. The error bars in time 
represent either (a) the duration of the observation or (b) the time be¬ 
tween sets of observations (see Sect. l3.2t . Panel a: Triangles indicate 
upper limits. Panel b: Sets of observations with similar spectra have 
been htted simultaneously assuming a fixed = 1.4 xlO^* cm“^. 


4. Discussion 


After day 15, the X-ray flux started to decline markedly and 
the SSS had disappeared within a few days. We estimate the SSS 
turn off (foff) to have occurred between the end of observation 
00032613060 (effectively on MJD 56950.84, the end of the fifth 
snapshot, see Table|2|i and the start of the following observation 
00032613061 (MJD 56951.42, see TableQ. Including the uncer¬ 
tainty on the optical outburst data this gives a = (18.4+0.5) d. 


3.2. X-ray spectrum 

In Fig.|^ we show the evolution of the effective temperature 
of M31N 2008-12a during the SSS phase. Here, sets of obser¬ 
vations with similar temperatures (previously determined indi¬ 
vidually) have been fitted simultaneously to reduce the uncer¬ 
tainties. Again, the corresponding data of the 2013 outburst 
(HND2014) are plotted in grey. All fits assume an absorbed 
blackbody parametrisation with the Ah fixed to the 2013 overall 
best fit of 1.4 xlO^' cm“^ (HND2014). A simultaneous mod¬ 
elling of all 2014 detections found best-fit parameters consistent 
with the 2013 results: kT = (1031®) eV and Ah = (1.4 + 0.3) 
xlO^^ cm“^. 

Figure |2j3 indicates that the effective temperature rose and 
fell together with the count rate. The peak blackbody tempera¬ 
ture likely exceeded 110 eV, which no other nova in the M 31 
sample of HPH2014 has yet come close to. The next highest, 
well determined kT was ~ 80 eV for M31N 2007-12b (see also 
iPietsch et al.ll201 fl) . Because of the strong similarities between 
the 2013 and 2014 outbursts, we discuss the spectra of both cam¬ 
paigns together in Sect. l4.2l 


4.1. Comparison to the 2013 outburst 

The 2013 and 2014 Swift XRT light curves of M31N 2008- 
12a are strikingly similar (see Fig.|2^). The respective turn-on 
and turn-off times are consistent: fon = (6 + 1) d (2013) vs 
fon = (5.9 + 0.5) d (2014) and f^g- = (19 + 1) d vs t^^ - 
(18.4 + 0.5) d. The accurately measured fon confirms our in¬ 
terpretation in HND2014 of the SSS appearing around the time 
of the first 2013 observation. The 2014 time scale measurements 
presented in this work should be considered as having higher ac¬ 
curacy and precision. 

Overall, the two X-ray light curves are consistent. While 
the 2013 light curve appears more variable, in contrast to the 
smoother plateau in 2014, this impression is caused by the longer 
exposure times of the 2014 observations. Both light curves show 
similar variability on short time scales. We discuss this in detail 
in Sect. l4.3l and Fig.|4] The same figure shows that the 2014 
count rates seem to be slightly higher than in 2013, albeit not by 
a statistically significant amount. Note, that also the optical light 
curves of the known outbursts are very similar (see DHS2015). 

The X-ray spectral temperatures for both eruptions show a 
consistent evolution, too (see Fig.|2]r). The longer exposure 
times of the 2014 monitoring led to higher numbers of photons 
and smaller statistical uncertainties on the estimated effective 
blackbody temperatures. In HND2014, we could not be cer¬ 
tain of a spectral evolution. Here, the smaller errors of the 2014 
measurements and the similarities to the 2013 results allow us 
to study the changes in effective temperature with considerably 
higher confidence by performing a combined analysis of all X- 
ray spectra from both years. 
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Fig. 3. Panel a: The effective blackbody temperature of M3 IN 2008- 
12a depending on the time after outburst. Based on spectra from the 
2014 and 2013 outburst (the latter described in HND2014). Sets of 
spectra with similar temperature (compare Fig.lJJr) have been fitted si¬ 
multaneously. Black/coloured data points show the best fit kT and cor¬ 
responding uncertainty. The error bars in time after outburst extend 
from the first to the last observation of each group. The grey region 
shows the 95% confidence prediction interval derived from smoothing 
temperature fits based on individual snapshots (see Sect. l4.2l for de¬ 
tails). Panel b: Binned combined XRT spectra in arbitrary flux units 
with blackbody fits (solid lines). The colours correspond to the outburst 
stages in panel a. 


4.2. Combined X-ray spectral evolution 

First, let the reader be reminded that it is widely acknowledged 
that blackbody parametrisations of X-ray spectra of novae do 
not produce physical results. High-resolution X-ray spectra of 
Galactic novae during the SSS phase have revealed a wealth 
of a bsorption or emission lines su perimposed on the continuum 
(e.g. lNes^l2012tlNess et al.ll2013l) . Non-LTE atmosphere mod¬ 
els, if possible including atmosphere expansion, have been sug- 
gested for the accurate modelling of the SSS state of n ovae (e.g. 
IPetz et afl2005t iRauch et~^l2010l : Ivan Rossumll2Q12h . 


However, this work is based on low-count, low-resolution 
CCD spectra obviously insufficient to impose any credible con¬ 
straints to atmosphere models. Our analysis does not aim to pro¬ 
vide accurate absolute temperatures, but rather to measure the 
relative temperature evolution during and between the outbursts. 
We are employing the blackbody model as a simple and robust 
parametrisation of the spectral shape. In a similar way, black¬ 
body fits were used by HPH2014 to model the population prop¬ 
erties of M 31 novae, to which we compare M31N 2008-12a in 
Sect. l4.5l below. In the present work, relative changes in the spec¬ 
trum are easier to study, because we are comparing data from the 
same instrument of the same nova. 

We combined the sets of spectra used to produce Fig.|2}r into 
the five groups that most readers might intuitively construct from 
this figure. These groups correspond to the stages of the rise 
and decline of the light curve (two groups each; also compare 
Fig.|^) as well as the light curve plateau. The latter is repre¬ 
sented by one group comprising two (black) sets of 2014 spectra 
and three (grey) sets of 2013 spectra (compare Fig.|2]r). Groups 
of spectra were fitted simultaneously, again assuming a fixed 
A^h = 1.4 xlO^* cm-^. 

The resulting effective temperature evolution is shown by 
the black/coloured data points in Fig.|3] We clearly see an in¬ 
crease in effective temperature during the first four days of the 
SSS phase, from 60 + 4 eV (orange; group 1) over (84 + 3) eV 
(purple; group 2) to the maximum of 120 + 5 eV (black; group 
3), while the count rate was still increasing as well. The max¬ 
imum effective temperature was reached during the light curve 
plateau. Subsequently, the blackbody temperatures decreased to 
(98 + 4) eV (blue; group 4) and finally 79 + 7 eV (red; group 5) 
just before the count rate dropped below our detection limit. 

We also performed a blackbody parametrisation of the spec¬ 
tra of individual snapshots. This included only observations with 
more than 200 s exposure time for which a stable fit could be ob¬ 
tained. In total, we used 63 individual spectra (28 from 2014 and 
35 from 2013). These individual fits were subjected to a smooth¬ 
ing usin g local polynomial reg ression filtering with the FOESS 
method ^Cleveland et al.l[T992h . The fitting used least squares 
weighted by the inverse of the variances. In Fig.[3]we also show 
the 95% confidence prediction intervals of this smoothing fit as 
a grey band. For reasons of clarity the individual snapshot tem¬ 
peratures are not shown. 

The grouped fits and smoothed regression are consistent in 
showing a significant rise in effective temperature. This is con¬ 
sistent with theoretical models predicting a hardening of the pho- 
tospheric emissio n due to the gradual emergence of hotter atmo¬ 
sphere layers (e.g . ISala & Hernanzl2005t iHachisu & Katoll2006l; 
I Wolf et all 1201 3 ). The high blackbody temperature maximum 
of 120 + 5 eV is unprecedented in the M 31 nova sample (see 
HPH2014 and Sect. l4.5l l. This indicates an extremely massive 
WD, following the correlation bet ween effective tempera tures 
and WD masses in the models of ISala & Hernanj (l2005l) and 
IWolf et akl (12013l) that suggest that more massive WDs on av¬ 
erage exhibit higher temperatures. A high WD mass would be 
consistent with the fast S SS time scales (s ee Sect. 14.3b and short 
outburst recurrence time (iKato et al.ll2014l) . 

During the decline of the SSS flux there is clear evidence 
for a decreasing effective temperature (compare Figs. |2]and|2i. 
While there were already indications for this behaviour in the 
2013 data we presented in HND2014, adding the new 2014 
measurements provides a considerably higher level of certainty. 
The cooling is consistent with prediction s by theoretical models 
(ISala & Hemanzll2005HWolf et al.ll2013l) . 
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The drop in luminosity from the plateau to the last detections 
is consistent with a dependency on the photospheric temper¬ 
ature drop (at constant radius) between the third and the last fit 
in Fig.[3(both a factor of ~ 5). In contrast, during the rise of the 
SSS light curve the average count rate increased considerably 
less than the blackbody temperature (factor ~ 3 vs factor ~ 16 
for 7’'*). This behaviour is predicted by theoretical models that 
assu me a spectral hardenin g caused by a receding photosphere 
(e.g. lSala & Herna7i3l2005h . In this scenario, the decreasing ra¬ 
dius would reduce the rise in flux due to the increasing effective 
temperature. 

In Fig.[3j) we show the merged, binned XRT spectra of the 
five groups in Fig. [3^ together with a blackbody fit. This pro¬ 
vides a visualisation of the spectral evolution. Note, that the 
temperature fits for Fig.[3^ were performed on the spectra of in¬ 
dividu al observations using Poisson statistics according to lCashI 
(Il979ll . The binned spectra are broadly consistent with the tem¬ 
perature evolution suggested in Fig. [3^. However, they also sug¬ 
gest additional spectral features beyond a simple blackbody con¬ 
tinuum when comparing the fit to the data, e.g. at around 0.7 keV 
in groups 2 and 4 or to the flat top spectrum of group 3. 

Any more detailed interpretation is not possible given the 
quality of our s pectra. High-resolution X-ra y spectra of Galactic 
novae (see e.g. lNess|l20l3l^ss et al.ll2Q13h show that their SSS 
state can show a plethora of emission and absorption features 
dNess et al.ll2012i see e.g. the RN U Sco). Similarly, some parts 
of the X-ray spectrum that here we attribute to the blackbody 
continuum could be due to overlapping, unresolved emission or 
absorption features. 

4.3. Combined X-ray light curve and variability 

In HND2014 we found significant X-ray variability during the 
SSS phase of M3 IN 2008-12a. In contrast, the 2014 light curve 
appears smoother (compare the grey and black data in Fig.|2^). 
However, the 2014 exposures were typically longer than in 2013 
(see Table[T]and HND2014) and would therefore produce an av¬ 
erage count rate that could hide short term variability. To study 
this variability we estimated separately the count rates for all the 
individual Swift XRT snapshots of the 2014 monitoring. The re¬ 
sulting count rates are given in Table|2] We also revisited the 
2013 data, as described in HND2014, and applied the same pro¬ 
cedure to extract the count rates given in Table|3] 

In Fig.|4^ we show the short term X-ray light curves of 
M31N 2008-12a in 2014 (black) and 2013 (grey). This plot 
clearly reveals that both light curves show a similar amount of 
variability on time scales of hours. Smoothed fits, based on 
the LOESS local regression and shown as solid lines in Fig.|4^, 
suggest that the 2014 outburst (blue) was on average slightly 
brighter than the 2013 outburst (orange). The difference in lu¬ 
minosity is not statistically significant, but it is consistent with 
indications that the effective temperature of the 2014 outburst in 
the later stages might have been systematically higher than in 

2013 (see Fig.Eh). Observations of future outbursts will allow 
us to put useful constraints on the variations in temperature and 
luminosity between outbursts. 

The X-ray variability of M31N 2008-12a can best be seen 
in Fig.llJ), where we show the de-trended light curves of the 

2014 (black, red, blue) and 2013 (grey, light red, light blue) SSS 
phases. The de-trending assumes the smoothed average shown 
in Fig.|4^, which has been subtracted. In Fig.|4j5 two things are 
immediately obvious; Both light curves show (a) a similar de¬ 
gree of variability which (b) is reduced considerably after about 
day 13. This visual impression is confirmed by statistical F- 



T-1-1-1-1-1-r 




04 05 06 07 OB o!9 LO 

Channel Energy (keV) 


Fig. 4. Panel a: The short-term X-ray light curve of M3 IN 2008- 
12a based on the individual XRT snapshots. Data points with error bars 
show the XRT count rates and corresponding errors (see Table|2]l for the 
2014 (black) and 2013 (grey) outbursts. Note, that the count rate axis 
uses a linear scale in contrast to the logarithmic scale in Fig.|2] Solid 
lines represent smoothed fits, based on local regression, on the 2014 
(blue) and 2013 (orange) data. Panel b: The light curves from panel a 
have been de-trended by subtracting the smoothed fits from the respec¬ 
tive data. The red (and light red) data points mark the count rates that 
are at least Icr above the smoothed fit for the 2014 (2013) data during 
the temperature maximum. The blue (and light blue) data are at least 
Icr below the average 2014 (2013) count rate for the same time range. 
Panel c: Binned XRT spectra for all the high (red colours) and low lu¬ 
minosity (blue colours) snapshots of the 2014 and 2013 monitoring that 
are indicated in panel b with corresponding colours. 

tests: the variances in XRT count rate of the 2013 and 2014 
de-trended light curves before day 13 are not significantly dif¬ 
ferent (1.1 vs 1.7). The same is true for the variances after day 
14 (0.12 vs 0.13). However, the difference between the high- 
and low-variability parts of both light curves are highly signifi¬ 
cant beyond the 3cr level with p-values of 2.1x10“® (2013) and 
1.8x10“® (2014). 

The significant drop in variability after day 13 could indicate 
the end of an early variability phase which has bee n observed 
in a number of Galactic no vae (e.g. KT Eri, RS Oph: lBode et al.l 
l2010tl^borne et al.l201 ih . We performed a Lomb-Scargle anal- 
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ysis (lLombllT976t IScargldFlQSTh on the two de-trended high- 
cadence light curves in Fig.|4j3 before day 14. We did not detect 
any periodic signal in either light curve on the 95% confidence 
level. 

Additionally, we searched for any characteristic variability 
time scales with an approach simi lar to the structure function 
described bv ISimonetti et al.l (Il985l) . For any two pairs of obser¬ 
vations we recorded the time lag and the difference in count rate. 
We then applied a local regression smoother to estimate the av¬ 
erage variability on different time scales. We found the resulting 
smoothed average to be flat over time; i.e. all time scales (from 
seven minutes to seven days) appear to show a similar degree of 
variability. 

To shed further light on the origins of the high-variability 
phase we compared the XRT spectra of those measurements sig¬ 
nificantly above and below the average (smoothed) count rate. 
We further restricted this comparison to snapshots taken dur¬ 
ing the temperature maximum (the black data point in Fig.[^), 
to avoid a contamination by the overall temperature evolution. 
The selected high-flux data points are marked in red (2014) or 
light red (2013) in Fig.l^t, while the low-flux measurements 
are coloured blue (2014) or light blue (2013). The merged and 
binned spectra are shown with corresponding colours in Fig.|4j;. 

The largest difference between the two spectra seems to oc¬ 
cur in the energy range of 0.6 - 0.8 keV, while particularly at 
lower energies the spectra become more similar. This could in¬ 
dicate that the variability is not caused by absorption in neutral 
material, which should affect softer X-rays more. Absorption by 
completely opaque material appears unlikely as well, because 
this would not change the shape of the spectrum. Changes in 
photospheric temperature are more likely to show effects as in 
Fig-lit (see Ness et al. 2015, in prep.). 

The high-flux data points (red) in Fig.l^t have count rates 
that are on average a factor of 2.5 higher than for the low- 
flux (blue) data points. This would correspond to a factor of 
1.3 higher temperatures if caused by a dependency (e.g. 
105 kT to 133 kT). Other possible explanations are an emis¬ 
sion line dominated spectrum with variable line strengths (in the 
0.6-0.8 keV range most likely oxygen lines) or a varying de gree 
of ionisation of O i (as suggested for RS Oph in lNessll20L5l) . 

4.4. Multiwavelength evolution 

Theoretical nova models predict a gradual hardening of the 
source s pectrum that ultimately leads to the emergence of the 
SSS (e.g. lHachisu & Katol2006l) . In Fig.|5]we visualise the over¬ 
all multi wavelength evolution of M3 IN 2008-12a using three 
energy bands: the optical (V band), the UV (uvw2 filter), and 
the soft X-ray regime. The optical and UV measurements were 
taken from DHS2015, where more detailed light curves of the 
2014 outburst in various optical/UV filters are presented and dis¬ 
cussed. 

In Fig.|5] we see the V band and UV magnitudes declining 
in a similar way. There is no significant shift in emission from 
the optical to the UV, which is bright already very early in the 
outburst. Together with the faint optical peak magnitude this be¬ 
haviour is consistent with a weak outburst in which the expand¬ 
ing pseudo photosphere exhibits a high effective temperature and 
never reaches a red giant size (see HND2014 and DHS2015). 

The V band light curve shows two distinctive re- 
brightening s, the latter of which coincides with the rising SSS 
emission. iHachisu et al.l (|2008|) suggested that the observed 
plateaus in the optical light curves of Galactic novae like RS Oph 
are caused by the reprocessing of X-ray emission by the accre- 



Fig. 5. Optical (red, V filter), UV (blue, uvw2 filter) and X-ray light 
curves of M31N 2008-12a during the 2014 outburst. The optical/UV 
magnitudes were taken from DHS2015 (see also Table[T]l. 


tion disk. Here, reprocessed SSS emission might have slowed 
down, and even briefly reversed, the optical light curve decay. 
We cannot exclude that an optical plateau did occur below the 
sensitivity limit of the observations. See DHS2015 for a detailed 
discussion of the optical light curve. 

4.5. Updated population picture, ejected hydrogen mass, & 
RN time scales 

In Fig.|6]we provide an update on the connection of M3 IN 2008- 
12a with the big picture of M 31 novae as it was first discussed 
in HND2014. The data for the M 31 nova sample (grey) is based 
on HPH2014, who discussed the four correlations and their im¬ 
plications in detail. Here, we assume the 2014 measurements 
for the optical f2,« decline rate and the expansion velocity as 
presented by DHS2015. We further use the updated SSS time 
scales, ton and as derived in Sect. l3.ll and assume the peak 
blackbody temperature (kr = 120 + 5 eVl estimated in Sect. l4.2l 

All parameters are in good agreement with the average mul¬ 
tiwavelength behaviour of M 31 novae, except for the expansion 
velocity. A low expansion velocity (and a faint optical maxi¬ 
mum; see DHS2015) could indicate a weak outburst on an ex¬ 
tremely high mass WD (see HND2014). We note that this find¬ 
ing is at odds with a recent study on Galactic novae propos¬ 
ing high expansion velocities as o ne among several promisin g 
indicators for an underlying RN (iPagnotta & Schaefer! 12014)) . 
M31N 2008-12a shows clearly that low expansion velocities do 
not rule out an RN. This is in agreement with theoretical mod¬ 
els predicting lower expansion velocities for very high accretion 
rates (plus short r ecurrence times in case of high-mass WDs, see 
lYaron et al.ll200l . 

The remaining three parameter connections in Fig.|6] while 
consistently below the M 31 average, are still in good agreement 
with the overall population fits and therefore extend these rela¬ 
tions to faster time scales and higher temperatures. We note, that 
M31N 2008-12a is not the nova with the fastest SSS fon any 
more. This title was taken by the Galactic RN V74 5 Sco in 
February 2014 (SSS turn on 3-4 d, see lPage et al.ll2014l) . 

Based on the SSS fon = (5.9 ± 0.5) d we estimated the 
hydrogen mass ejected during the outburst. This assumes that 
the central SSS becomes visib le once the ejecta turn optically 
thin to soft X-rays. Following iDella Valle et al.l (l2002l) . we as¬ 
sumed the ejecta to expand as a spherica l symmetric shell w ith 
a thickness/filling factor of 0.2 (see also iHenze 01*^0120101 for 
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Fig. 6. Double-logarithmic plots of the nova parameter correlations 
from HPH2014. The solid grey lines indicate a robust power-law fit 
with corresponding 95% confidence regions in light grey. The correla¬ 
tions displayed are (a) ton vs t^f^, (b) black-body kT vs t^f^, (c) R-band 
optical decay time ? 2 ,r vs ton. and (d) expansion velocity vs ton- All 
time scales are in units of days after outburst. Overplotted as blue as¬ 
terisks are the parameters of M31N 2008-12a as derived in Sect.[3or by 
DHS2015. The error bars on these values are smaller than the size of 
the symbols. 


a detailed description of the method). We used the average 
Ha FWHM = 2500 km s"' (see DHS2015) to derive the cor¬ 
responding expansion velocity as the standard deviation of the 
Gaussian line. We found an ejected hydrogen mass of Mgj p[ = 

(2.6 + 0.4) xl0“* Mq. This is consistent with the overall ejecta 
mass estimated from the optical data in DHS2015. 

Furthermore, in Fig.|7] we compare the optical and X-ray 
light curves of M31N 2008-12a to those of the two prominent 
Galactic RNe RS Oph (2006 outburst) and U Sco (2010 out¬ 
burst). Although the three RNe had different outburst durations 
of 18 d for M31N 2008-12a, 35 d for U Sco, and 83 d for 
RS Oph, we show that their overall light curve evolutions looks 
remarkably similar after a linear scaling. These similarities are 
particularly striking for the early optical decline, the SSS turn¬ 
on and turn-off times, and the X-ray cooling times after the SSS 
turn off. 

The scaling behaviour of RNe is in contrast to CNe, where 
the time-scalability of the optical decay can be described by a 
universal decline law which predicts a different linear propor¬ 
tionality, i.e. a different slo pe, between D vs. to n and t 2 vs. 
toff (see Figures 12 and 13 in iHachisu & Katoll201(^ . This is be¬ 
cause the early optical decline depends directly on the WD mass 
but barely on the hydrogen content X in the envelope which is 
fuelling the SSS phase. This difference in the proportionality is 
qualitatively consistent with the observed behaviour of the pop¬ 
ulation trends for M 31 novae (see HPH2014 and Fig.|6l). Thus, 
the scalability of these RNe might be a clue to understanding the 
phy sics of novae wit h very short recurrence periods. We note 
that lizzo et all (1201 4l) reported that also the Galactic RN T Pyx 
in its 2011 outburst showed SSS time scales consistent with the 
M 31 trends. A systematic comparison between novae in M 31 
and the Galaxy is in preparation. 


days after peak (far RS Oph) 

0 50 100 



days after peak (far M31N 2008-12a) 

Fig. 7. Comparison of the light curves of M31N 2008-12a (black) 
with the Galactic RNe RS Oph (blue) and U Sco (red) in normalised 
time scales. Filled black circles, forM31N 2008-12a, indicate V magni¬ 
tudes as presented in DHS2015 and filled black squares show the X-ray 
count rates (compare Fig.|2]and Table[T]l. Blue asterisks , for RS Oph, 
give th e optical (V, visual and y) magnitudes taken from iHachisu et afl 
(l2006h and blue open circles indicate the X-ray count rates (0.3 - 0.55 
keV) taken from iHachisu et aO (120071) . Red dots, for U Sco, show the 
optical magnitudes taken from the AAVSO archive while small open 
red circles give the X-ray count rate (0.2-1.0 keV) deduced from the 
Swift archive. The black solid line indicates a theoretical light curve for 
the SSS blackbody flux from a 1.377 Mq WD with a chemical compo¬ 
sition of X = 0.6, Y = 0.38, and Z = 0.02 between 4*““^ and ■ 

In Fig.|2] we also included a theo r etical S SS lig h t curv e 
calculated following iKato & Hachisul (Il994l) : iKata (Il999t) : 
iHachisu & Katol (120061) for a 1.377 Mq WD with an envelope 
chemical composition of X = 0.6, Y - 0.38, and Z = 0.02. The 
X-ray light curve starts when the optically thick wind stops (the¬ 
oretical SSS turn-on time ”^) and ends at the epoch when hy¬ 
drogen shell-burning extinguishes (theoretical SSS turn-off time 
count rates of M31N 2008-12a, we freely 
shifted the theoretical light curve vertically. We conclude that 
the SSS phase of M31N 2008-12a is consistent with our theoret¬ 
ical model of a 1.377 Mq WD representing the upper mass end 
of mass-accreting and non-rotating WDs. 


5. Summary & Conclusions 

We carried out high-cadence Swift XRT monitoring of the 2014 
outburst of the remarkable recurrent nova M31N 2008-12a. 
These are our main findings: 

1. M31N 2008-12a was detected as a bright SSS with well 
constrained and very fast time scales of ton = (5.9 + 0.5) d 
and fgff = (18.4 + 0.5) d. 


2 . 


The X-ray light curve and spectral evolution of the 2014 
outburst are very similar to the 2013 outburst presented in 


HND2014. 
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3. The combined 2014 and 2013 spectral evolution suggests 
a fast rise in temperature followed by an equally rapid 
decline. Based on a blackbody parametrisation we estimated 
a maximum effective temperature of kT - 120 + 5 eV, 
significantly above any other M 31 nova. 

4. The short-term X-ray light curves of 2014 and 2013 display 
strong, aperiodic variability that decreased significantly 
around day 14 after outburst. 

5. The X-ray parameters of M3 IN 2008-12a fit well into the 
big picture of the M 31 sample presented by HPH2014. 
The connection between optical and X-ray time scales is 
consistent with the average M 31 nova behaviour as well. 
Only the expansion velocity, as measured by DHS2015, is 
lower than expected, which might be explained by a weak 
outburst on a high-mass WD with a high accretion rate. 

6. The SSS phase of M31N 2008-12a can be modelled assum¬ 
ing a WD close to the Chandrasekhar mass. The optical and 
X-ray light curve can be scaled to show similar time scales 
as the light curves of the Galactic RNe RS Oph and U Sco. 

M3 IN 2008-12a offers a unique laboratory for detailed stud¬ 
ies of repeated nova outbursts. For the first time, the unprece¬ 
dented one-year recurrence time makes it feasible to follow a 
single nova over a large number of outbursts. We are confident 
that M31N 2008-12a will show further outbursts in the foresee¬ 
able future and we predict the next outburst for the autumn of 
2015 which we aim to study in great detail. 
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Table 1. Swift observations of nova M3 IN 2008-12a following the 2014 outburst. 


ObslD 

Exp'* 

[ks] 

Date* 

[UT] 

MJD* 

[d] 

Af 

[d] 

uvm2 

UV^ [mag] 
uvwl 

uvw2 

Rate 
[10-2 ct s-'] 

Lo. 2-1.0 
10^^ erg s-'] 

00032613042 

7.9 

2014-10-03.63 

56933.63 

0.94 

- 

- 

17.2 + 0.1 

<0.2 

< 0.2 

00032613043 

7.9 

2014-10-04.44 

56934.44 

1.75 

18.3 + 0.1 

- 

- 

<0.2 

< 0.1 

00032613045 

3.9 

2014-10-05.16 

56935.16 

2.47 

- 

19.4 + 0.1 

- 

<0.4 

< 0.3 

00032613046 

1.8 

2014-10-06.02 

56936.02 

3.33 

- 

- 

- 

<0.6 

< 0.4 

00032613047 

7.3 

2014-10-07.35 

56937.35 

4.66 

- 

- 

19.6 + 0.1 

<0.2 

< 0.2 

00032613048 

6.9 

2014-10-08.29 

56938.29 

5.60 

20.4 + 0.2 

- 

- 

0.7+ 0.1 

0.5 +0.1 

00032613049 

4.4 

2014-10-09.02 

56939.02 

6.33 

- 

20.0 + 0.2 

- 

2.2+ 0.2 

1.6+ 0.2 

00032613051 

4.4 

2014-10-10.09 

56940.09 

7.40 

- 

- 

- 

3.0+ 0.3 

2.3 + 0.2 

00032613050 

6.5 

2014-10-10.35 

56940.35 

7.66 

- 

- 

20.6 + 0.2 

3.2+ 0.2 

2.4 + 0.2 

00032613052 

7.7 

2014-10-12.04 

56942.04 

9.35 

21.1+0.4 

>20.1 

- 

3.9+ 0.3 

2.9 + 0.2 

00032613054 

1.8 

2014-10-13.56 

56943.57 

10.88 

- 

>20.4 

- 

4.0+ 0.5 

3.0 + 0.4 

00032613055 

5.3 

2014-10-14.04 

56944.04 

11.35 

- 

- 

- 

3.2+ 0.3 

2.4 + 0.2 

00032613056 

1.6 

2014-10-15.42 

56945.42 

12.73 

- 

- 

>20.6 

3.5+ 0.5 

2.6 + 0.4 

00032613057 

4.8 

2014-10-17.36 

56947.36 

14.67 

- 

>20.9 

- 

2.8+ 0.3 

2.1 +0.2 

00032613058 

2.2 

2014-10-18.75 

56948.75 

16.06 

- 

- 

- 

2.0+ 0.4 

1.5 +0.3 

00032613059 

4.1 

2014-10-19.31 

56949.31 

16.62 

- 

- 

>21.2 

0.9+ 0.2 

0.7+ 0.1 

00032613060 

4.7 

2014-10-20.03 

56950.04 

17.35 

21.0 + 0.4 

- 

- 

0.4+ 0.1 

0.3 +0.1 

00032613061 

5.8 

2014-10-21.42 

56951.42 

18.73 

- 

>21.1 

- 

<0.3 

< 0.2 

00032613062 

6.1 

2014-10-22.03 

56952.03 

19.34 

- 

- 

- 

<0.2 

< 0.2 


Notes: Dead-time corrected exposure time; Start date of the observation; Time in days after the outburst of nova 

M31N 2008-12a in the optical on 2014-10-02.69 UT (MJD 56932.69; see Sect.EB; Swift UVOT biters were UVM2 (166- 
268nm), UVWl (181-321nm), and UVW2 (112-264nm); “^iX-ray luminosities (unabsorbed, black-body bt, 0.2 - 10.0 keV) and 
upper limits were estimated according to Sect. [3 
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Table 2. Individual Swift snapshots of the observations in Tabled 


ObsID_part 

Exp“ 

[ks] 

Date* 

[UT] 

MJD* 

[d] 

Af 

[d] 

uvm2 

UV'' [mag] 
uvwl 

uvw2 

Rate 
[10-2 ct s-'] 

Lo. 2-1.0 
10^* erg s'*] 

00032613042. 

_1 

1.59 

2014-10-03.63 

56933.63 

0.94 

- 

- 

17.0 + 0.1 

< 0.4 

<0.3 

00032613042. 

2 

2.46 

2014-10-03.69 

56933.69 

1.00 

- 

- 

17.0 + 0.1 

< 0.5 

<0.4 

00032613042 

3 

2.46 

2014-10-03.76 

56933.75 

1.06 

- 

- 

17.3 + 0.1 

< 0.5 

<0.4 

00032613042 

4 

1.45 

2014-10-03.82 

56933.82 

1.13 

- 

- 

17.2 + 0.1 

< 1.1 

<0.8 

00032613043 

_1 

0.74 

2014-10-04.44 

56934.44 

1.75 

18.1 +0.1 

- 

- 

< 1.0 

<0.7 

00032613043 

2 

1.75 

2014-10-04.50 

56934.50 

1.81 

18.1 ±0.1 

- 

- 

< 0.5 

<0.4 

00032613043 

_3 

1.70 

2014-10-04.56 

56934.56 

1.87 

18.2 + 0.1 

- 

- 

< 0.7 

<0.5 

00032613043 

4 

2.53 

2014-10-04.62 

56934.62 

1.93 

18.4 + 0.1 

- 

- 

< 0.3 

<0.3 

00032613043 

5 

0.90 

2014-10-04.69 

56934.69 

2.00 

18.3+0.1 

- 

- 

< 0.9 

<0.7 

00032613043 

_6 

0.33 

2014-10-04.71 

56934.71 

2.02 

18.6 ±0.2 

- 

- 

< 2.2 

< 1.7 

00032613045 

_1 

0.87 

2014-10-05.16 

56935.16 

2.47 

- 

19.1+0.2 

- 

< 1.4 

< 1.0 

00032613045 

2 

0.29 

2014-10-05.31 

56935.30 

2.61 

- 

19.0 + 0.3 

- 

<4.4 

< 3.3 

00032613045 

_3 

1.01 

2014-10-05.62 

56935.62 

2.93 

- 

19.4 + 0.2 

- 

< 0.9 

<0.7 

00032613045 

4 

1.10 

2014-10-05.69 

56935.69 

3.00 

- 

19.5 + 0.3 

- 

< 1.5 

< 1.1 

00032613045 

5 

0.60 

2014-10-05.82 

56935.82 

3.13 

- 

> 19.6 

- 

< 1.4 

< 1.0 

00032613046 

_1 

0.02 

2014-10-06.02 

56936.02 

3.33 

- 

- 

- 

< 38.4 

< 28.8 

00032613046 

2 

0.14 

2014-10-06.50 

56936.50 

3.81 

- 

- 

- 

< 5.4 

<4.1 

00032613046 

3 

1.23 

2014-10-06.89 

56936.89 

4.20 

- 

- 

- 

< 0.8 

< 0.6 

00032613046. 

4 

0.38 

2014-10-06.95 

56936.95 

4.26 

- 

- 

- 

< 2.3 

< 1.7 

00032613047. 

_1 

0.13 

2014-10-07.35 

56937.36 

4.67 

- 

- 

> 18.8 

< 6.5 

<4.8 

00032613047 

2 

0.82 

2014-10-07.36 

56937.36 

4.67 

- 

- 

> 20.2 

< 1.0 

< 0.7 

00032613047. 

_3 

1.72 

2014-10-07.42 

56937.42 

4.73 

- 

- 

19.6 + 0.2 

< 0.6 

< 0.5 

00032613047 

4 

1.71 

2014-10-07.49 

56937.49 

4.80 

- 

- 

19.0 + 0.1 

< 0.4 

< 0.3 

00032613047. 

5 

1.05 

2014-10-07.57 

56937.57 

4.88 

- 

- 

19.6 + 0.2 

< 0.9 

< 0.7 

00032613047. 

_6 

1.55 

2014-10-07.63 

56937.62 

4.93 

- 

- 

19.9 + 0.2 

< 0.7 

< 0.5 

00032613047 

7 

0.37 

2014-10-07.84 

56937.84 

5.15 

- 

- 

19.4 + 0.3 

< 3.5 

< 2.6 

00032613048 

_1 

0.88 

2014-10-08.29 

56938.29 

5.60 

19.7 + 0.3 

- 

- 

< 1.6 

< 1.2 

00032613048 

2 

1.00 

2014-10-08.35 

56938.36 

5.67 

> 20.0 

- 

- 

< 1.3 

< 1.0 

00032613048 

3 

0.96 

2014-10-08.42 

56938.43 

5.74 

19.8 + 0.3 

- 

- 

< 0.8 

< 0.6 

00032613048 

4 

1.51 

2014-10-08.49 

56938.49 

5.80 

20.1+0.3 

- 

- 

0.9 ± 0.3 

0.7 ± 0.2 

00032613048 

5 

0.97 

2014-10-08.55 

56938.55 

5.86 

> 20.0 

- 

- 

< 1.6 

< 1.2 

00032613048 

6 

0.60 

2014-10-08.62 

56938.62 

5.93 

> 19.7 

- 

- 

< 2.9 

< 2.2 

00032613048 

7 

0.61 

2014-10-08.69 

56938.69 

6.00 

> 19.7 

- 

- 

2.8 ±0.8 

2.1 ±0.6 

00032613048 

_8 

0.38 

2014-10-08.95 

56938.95 

6.26 

> 19.4 

- 

- 

1.4 ±0.8 

1.1 ±0.6 

00032613049 

1 

0.34 

2014-10-09.02 

56939.02 

6.33 

- 

> 19.4 

- 

< 5.7 

<4.3 

00032613049 

2 

0.39 

2014-10-09.23 

56939.23 

6.54 

- 

> 19.5 

- 

1.9 ±0.8 

1.5 ±0.6 

00032613049 

_3 

0.60 

2014-10-09.30 

56939.30 

6.61 

- 

> 19.7 

- 

5.1 ± 1.0 

3.8 ±0.8 

00032613049 

4 

0.43 

2014-10-09.43 

56939.43 

6.74 

- 

20.1+0.3 

- 

2.0 ±0.8 

1.5 ±0.6 

00032613049 

5 

0.93 

2014-10-09.43 

56939.43 

6.74 

- 

- 

- 

2.0 ± 0.5 

1.5 ±0.4 

00032613049 

_6 

0.23 

2014-10-09.55 

56939.55 

6.86 

- 

> 19.0 

- 

< 6.2 

<4.6 

00032613049 

7 

0.44 

2014-10-09.69 

56939.69 

7.00 

- 

> 19.6 

- 

< 3.5 

< 2.6 

00032613049 

8 

0.74 

2014-10-09.76 

56939.76 

7.07 

- 

19.6 + 0.3 

- 

1.1 ±0.4 

0.8 ±0.3 

00032613049 

_9 

0.28 

2014-10-09.90 

56939.89 

7.20 

- 

> 18.6 

- 

2.6+ 1.1 

1.9 ±0.8 

00032613051 

1 

0.63 

2014-10-10.09 

56940.09 

7.40 

- 

- 

- 

1.6 ±0.6 

1.2 ±0.4 

00032613051 

2 

0.93 

2014-10-10.15 

56940.15 

7.46 

- 

- 

- 

1.0 ±0.4 

0.7 ± 0.3 

00032613051 

_3 

1.25 

2014-10-10.22 

56940.22 

7.53 

- 

- 

- 

3.8 ±0.7 

2.8 ± 0.5 

00032613051 

4 

0.04 

2014-10-10.29 

56940.29 

7.60 

- 

- 

- 

< 21.0 

< 15.8 

00032613050 

_1 

0.65 

2014-10-10.35 

56940.36 

7.67 

- 

- 

- 

4.2 ± 0.9 

3.2 ±0.7 

00032613050 

2 

0.42 

2014-10-10.42 

56940.42 

7.73 

- 

- 

- 

5.7+ 1.3 

4.3+ 1.0 

00032613051 

5 

1.05 

2014-10-10.55 

56940.55 

7.86 

- 

- 

- 

4.1 ±0.7 

3.1 ±0.5 

00032613051 

6 

0.54 

2014-10-10.62 

56940.62 

7.93 

- 

- 

- 

4.5 + 1.1 

3.4 ±0.8 

00032613050 

_3 

0.57 

2014-10-11.09 

56941.09 

8.40 

- 

- 

> 20.0 

1.2 ±0.5 

0.9 ± 0.4 

00032613050 

4 

0.81 

2014-10-11.15 

56941.15 

8.46 

- 

- 

> 20.2 

3.0 ±0.7 

2.3 ± 0.5 

00032613050 

5 

0.76 

2014-10-11.22 

56941.22 

8.53 

- 

- 

> 20.1 

2.0 ± 0.6 

1.5 ±0.4 

00032613050 

6 

0.76 

2014-10-11.30 

56941.30 

8.61 

- 

- 

> 20.2 

2.3 ±0.6 

1.8 ±0.5 


Notes: As for Table[T] 
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Table 2. continued. 


ObsID_part 

Exp“ 

[ks] 

Date* 

[UT] 

MJD* 

[d] 

Af 

[d] 

uvm2 

UV‘' [mag] 
uvwl 

uvw2 

Rate 
[10-2 ct s-'l 

Lo. 2-1.0 
10^^ erg s-'] 

00032613050 

7 

1.12 

2014-10-11.36 

56941.36 

8.67 

- 

- 

>20.4 

4.7 + 0.7 

3.5 +0.5 

00032613050 

8 

0.71 

2014-10-11.55 

56941.55 

8.86 

- 

- 20.0 + 0.4 

2.8+ 0.7 

2.1 +0.5 

00032613050 

_9 

0.73 

2014-10-11.63 

56941.62 

8.93 

- 

- 

>20.2 

3.3+ 0.8 

2.5 +0.6 

00032613052 

1 

0.23 

2014-10-12.04 

56942.04 

9.35 

> 18.9 

- 

- 

5.6+ 1.9 

4.2+ 1.4 

00032613052 

2 

0.50 

2014-10-12.23 

56942.23 

9.54 

> 19.6 

- 

- 

4.1 + 1.0 

3.1 +0.8 

00032613052 

_3 

0.27 

2014-10-12.44 

56942.44 

9.75 

> 19.2 

- 

- 

5.9+ 1.6 

4.4+ 1.2 

00032613052 

4 

1.72 

2014-10-12.49 

56942.48 

9.79 

>20.3 

- 

- 

4.7 + 0.6 

3.5 +0.5 

00032613052 

5 

1.72 

2014-10-12.55 

56942.55 

9.86 

>20.4 

- 

- 

1.7+ 0.4 

1.3 +0.3 

00032613052 

_6 

1.66 

2014-10-12.62 

56942.62 

9.93 

>20.4 

- 

- 

5.1 +0.6 

3.8 +0.5 

00032613052 

7 

0.59 

2014-10-12.83 

56942.83 

10.14 

> 19.8 

- 

- 

4.4+ 1.0 

3.3 +0.8 

00032613052 

_8 

1.04 

2014-10-13.55 

56943.55 

10.86 

- 

> 20.1 

- 

2.4 + 0.6 

1.8+ 0.4 

00032613054 

_1 

0.40 

2014-10-13.57 

56943.57 

10.88 

- 

> 19.5 

- 

4.2+ 1.2 

3.2+ 0.9 

00032613054 

2 

1.43 

2014-10-13.62 

56943.62 

10.93 

- 

> 20.2 

- 

4.0 + 0.6 

3.0+ 0.4 

00032613055 

_1 

0.31 

2014-10-14.04 

56944.04 

11.35 

- 

- 

- 

0.9 + 0.6 

0.6 + 0.5 

00032613055 

2 

0.21 

2014-10-14.30 

56944.30 

11.61 

- 

- 

- 

3.3 + 1.4 

2.5 + 1.1 

00032613055 

3 

0.70 

2014-10-14.37 

56944.37 

11.68 

- 

- 

- 

3.3+ 0.8 

2.5 +0.6 

00032613055 

4 

0.64 

2014-10-14.43 

56944.43 

11.74 

- 

- 

- 

5.3 + 1.0 

4.0+ 0.8 

00032613055 

5 

1.74 

2014-10-14.49 

56944.48 

11.79 

- 

- 

- 

3.5+ 0.5 

2.6 + 0.4 

00032613055 

6 

1.72 

2014-10-14.55 

56944.55 

11.86 

- 

- 

- 

2.7+ 0.5 

2.1 +0.4 

00032613056 

_1 

0.11 

2014-10-15.42 

56945.42 

12.73 

- 

- 

> 19.0 

< 15.2 

< 11.4 

00032613056 

2 

0.36 

2014-10-15.49 

56945.49 

12.80 

- 

- 

> 19.7 

4.4+ 1.3 

3.3 + 1.0 

00032613056 

_3 

0.47 

2014-10-15.55 

56945.55 

12.86 

- 

- 

> 19.8 

1.9+ 0.7 

1.4+ 0.5 

00032613056 

4 

0.36 

2014-10-15.69 

56945.69 

13.00 

- 

- 

> 19.6 

3.3 + 1.1 

2.5 +0.8 

00032613056 

5 

0.34 

2014-10-15.75 

56945.75 

13.06 

- 

- 

> 19.6 

5.8+ 1.5 

4.3 + 1.1 

00032613057 

_1 

1.26 

2014-10-17.36 

56947.36 

14.67 

- 

> 20.1 

- 

2.5 + 0.5 

1.9+ 0.4 

00032613057 

2 

1.26 

2014-10-17.43 

56947.43 

14.74 

- 

> 20.2 

- 

3.2+ 0.6 

2.4 + 0.5 

00032613057 

3 

1.26 

2014-10-17.50 

56947.50 

14.81 

- 

> 20.1 

- 

3.0+ 0.5 

2.3 + 0.4 

00032613057 

4 

1.05 

2014-10-17.63 

56947.63 

14.94 

- 

> 20.1 

- 

2.5+ 0.6 

1.9+ 0.4 

00032613058 

J 

0.02 

2014-10-18.76 

56948.75 

16.06 

- 

- 

- 

<40.2 

< 30.2 

00032613058 

2 

1.00 

2014-10-18.83 

56948.83 

16.14 

- 

- 

- 

1.8+ 0.5 

1.3 +0.4 

00032613058 

3 

0.20 

2014-10-18.91 

56948.91 

16.22 

- 

- 

- 

1.9+ 1.2 

1.4+ 0.9 

00032613058 

4 

0.87 

2014-10-18.97 

56948.96 

16.27 

- 

- 

- 

2.3+ 0.6 

1.7+ 0.4 

00032613059 

1 

0.04 

2014-10-19.31 

56949.31 

16.62 

- 

- 

> 18.3 

2.8+ 2.8 

2.1 +2.1 

00032613059 

2 

1.08 

2014-10-19.36 

56949.36 

16.67 

- 

- 

>20.3 

0.7+ 0.3 

0.6 + 0.2 

00032613059 

3 

1.02 

2014-10-19.43 

56949.43 

16.74 

- 

- 

>20.3 

1.2+ 0.4 

0.9+ 0.3 

00032613059 

4 

1.02 

2014-10-19.50 

56949.50 

16.81 

- 

- 

>20.2 

1.5+ 0.4 

1.1 +0.3 

00032613059 

_5 

0.99 

2014-10-19.97 

56949.96 

17.27 

- 

- 

>20.3 

< 1.3 

< 1.0 

00032613060 

_1 

0.23 

2014-10-20.03 

56950.04 

17.35 

> 19.2 

- 

- 

< 3.8 

<2.9 

00032613060 

2 

0.94 

2014-10-20.37 

56950.37 

17.68 

>20.0 

- 

- 

0.5+ 0.3 

0.4 + 0.2 

00032613060 

_3 

0.55 

2014-10-20.57 

56950.57 

17.88 

> 19.7 

- 

- 

< 2.3 

< 1.7 

00032613060 

4 

1.55 

2014-10-20.63 

56950.62 

17.93 

>20.3 

- 

- 

< 1.1 

<0.8 

00032613060 

5 

1.48 

2014-10-20.83 

56950.82 

18.13 

>20.3 

- 

- 

0.5 + 0.2 

0.3 +0.2 

00032613060 

_6 

0.00 

2014-10-20.89 

56950.89 

18.20 

> 15.5 

- 

- 

< 373.0 

< 280.0 

00032613061 

_1 

0.86 

2014-10-21.42 

56951.42 

18.73 

- 

> 20.0 

- 

< 1.4 

< 1.0 

00032613061 

2 

0.15 

2014-10-21.62 

56951.62 

18.93 

- 

> 20.4 

- 

< 5.1 

< 3.8 

00032613061 

_3 

0.03 

2014-10-21.62 

56951.62 

18.93 

- 

- 

- 

<28.6 

< 21.5 

00032613061 

4 

1.18 

2014-10-21.62 

56951.62 

18.93 

- 

- 

- 

< 1.4 

< 1.0 

00032613061 

5 

0.22 

2014-10-21.64 

56951.64 

18.95 

- 

- 

- 

< 3.6 

<2.7 

00032613061 

_6 

1.65 

2014-10-21.69 

56951.69 

19.00 

- 

> 20.4 

- 

< 0.6 

<0.4 

00032613061 

7 

1.74 

2014-10-21.75 

56951.75 

19.06 

- 

> 20.3 

- 

< 0.6 

<0.5 

00032613061 

8 

0.03 

2014-10-21.82 

56951.82 

19.13 

- 

> 17.7 

- 

< 38.4 

< 28.8 

00032613062 

_1 

0.94 

2014-10-22.03 

56952.03 

19.34 

- 

- 

- 

< 0.8 

<0.6 

00032613062 

2 

0.21 

2014-10-22.49 

56952.49 

19.80 

- 

- 

- 

< 5.7 

<4.3 

00032613062 

3 

1.14 

2014-10-22.56 

56952.56 

19.87 

- 

- 

- 

< 0.9 

<0.7 

00032613062 

4 

0.04 

2014-10-22.75 

56952.75 

20.06 

- 

- 

- 

< 18.2 

< 13.7 

00032613062 

5 

0.03 

2014-10-22.76 

56952.76 

20.07 

- 

- 

- 

< 33.2 

< 24.9 

00032613062 

6 

0.24 

2014-10-22.76 

56952.76 

20.07 

- 

- 

- 

< 3.5 

<2.6 

00032613062 

7 

0.30 

2014-10-22.76 

56952.76 

20.07 

- 

- 

- 

< 2.7 

<2.0 

00032613062 

8 

0.24 

2014-10-22.77 

56952.77 

20.08 

- 

- 

- 

< 3.5 

<2.7 

00032613062 

9 

0.08 

2014-10-22.77 

56952.77 

20.08 

- 

- 

- 

< 10.7 

< 8.0 
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Table 3. Individual Swift snapshots of the 2013 monitoring observations from HND2014. 


ObsID_part 

Exp“ 

[ks] 

Date* 

[UT] 

MJD* 

[d] 

Af 

[d] 

UV'^ [mag] 
uvm2 uvwl 

uvw2 

Rate 

[10-2 Ct S-'] 

Lo.2 -1.0 
10 ^* erg s-'] 

00032613005 

_1 

0.7 

2013-12-03.03 

56629.03 

6.43 

- 


- 

>20.0 

2.6+ 0.7 

2.0 ±0.5 

00032613005 

2 

1.3 

2013-12-03.09 

56629.09 

6.49 

- 


- 

19.9 + 0.3 

0.9+ 0.3 

0.7 ± 0.2 

00032613005 

3 

0.7 

2013-12-03.16 

56629.16 

6.56 

- 


- 

>20.0 

2.9+ 0.7 

2.2 ±0.5 

00032613005 

4 

1.7 

2013-12-03.23 

56629.23 

6.63 

- 


- 

19.9 + 0.2 

1.4+ 0.3 

1.1 ±0.2 

00032613005 

_5 

1.7 

2013-12-03.43 

56629.43 

6.83 

- 


- 

19.2 + 0.2 

< 1.0 

<0.7 

00032613006 

1 

0.2 

2013-12-04.09 

56630.09 

7.49 

- 


- 

> 19.3 

2.9+ 1.2 

2.1 ±0.9 

00032613006 

2 

1.7 

2013-12-04.16 

56630.16 

7.56 

> 19.9 

> 

19.1 

>20.0 

1.7+ 0.4 

1.3 ±0.3 

00032613006 

_3 

0.0 

2013-12-04.23 

56630.23 

7.63 

- 


- 

> 18.3 

< 18.5 

< 13.9 

00032613007 

1 

1.9 

2013-12-04.70 

56630.70 

8.10 

19.3+0.3 

> 

19.8 

19.8 + 0.3 

1.6+ 0.3 

1.2 ±0.2 

00032613007 

2 

0.1 

2013-12-04.76 

56630.76 

8.16 

- 


- 

> 18.7 

3.5+ 2.1 

2.6 ± 1.6 

00032613008 

_1 

1.7 

2013-12-05.23 

56631.23 

8.63 

> 19.7 

> 

19.8 

> 19.9 

2.2 + 0.4 

1.7 ±0.3 

00032613009 

1 

1.3 

2013-12-05.70 

56631.70 

9.10 

> 19.5 

> 

19.6 

> 19.8 

4.2 + 0.6 

3.1 ±0.5 

00032613009 

2 

0.3 

2013-12-05.85 

56631.85 

9.25 

> 18.8 

> 

17.7 

> 19.1 

4.1 + 1.4 

3.1 ± 1.1 

00032613009 

_3 

0.3 

2013-12-05.96 

56631.96 

9.36 

> 18.4 


- 

> 18.8 

4.3 + 1.3 

3.2 ± 1.0 

00032613010 

1 

1.0 

2013-12-06.10 

56632.10 

9.50 

> 19.3 

> 

19.2 

> 19.4 

3.7+ 0.7 

2.8 ±0.5 

00032613010 

2 

1.0 

2013-12-06.16 

56632.16 

9.56 

> 19.4 

> 

19.2 

> 19.5 

3.8+ 0.7 

2.8 ±0.5 

00032613011 

_1 

1.5 

2013-12-06.63 

56632.63 

10.03 

> 19.6 

> 

19.7 

> 19.8 

4.0 + 0.6 

3.0 ±0.4 

00032613011 

2 

0.5 

2013-12-06.71 

56632.71 

10.11 

> 19.0 

> 

19.0 

> 19.2 

4.2+ 1.0 

3.2 ±0.7 

00032613012 

_5 

0.0 

2013-12-07.10 

56633.10 

10.50 

- 

> 

18.8 

> 19.6 

9.6+ 6.8 

7.2 ±5.1 

00032613012 

2 

0.0 

2013-12-07.10 

56633.10 

10.50 

- 


- 

- 

4.4 + 4.4 

3.3 ±3.3 

00032613012 

3 

0.0 

2013-12-07.10 

56633.10 

10.50 

- 


- 

- 

16.0 + 9.2 

12.0 ±6.9 

00032613012 

4 

0.0 

2013-12-07.10 

56633.10 

10.50 

- 


- 

- 

8.7+ 6.2 

6.5 ±4.7 

00032613012 

1 

0.0 

2013-12-07.10 

56633.10 

10.50 

- 


- 

- 

4.8+4.8 

3.6 ±3.6 

00032613012 

_6 

0.0 

2013-12-07.10 

56633.11 

10.51 

- 


- 

- 

<79.2 

< 59.4 

00032613012 

7 

0.2 

2013-12-07.11 

56633.11 

10.51 

> 18.9 


- 

- 

< 9.6 

<7.2 

00032613012 

8 

1.4 

2013-12-07.17 

56633.16 

10.56 

> 19.8 

> 

18.8 

> 19.6 

1.3+ 0.4 

1.0 ±0.3 

00032613012 

_9 

0.2 

2013-12-07.23 

56633.23 

10.63 

>20.0 

> 

18.8 

> 19.6 

1.3+ 0.9 

0.9 ± 0.7 

00032613013 

_1 

1.1 

2013-12-07.57 

56633.57 

10.97 

> 19.3 

> 

19.3 

> 19.6 

1.7+ 0.4 

1.3 ±0.3 

00032613013 

2 

0.0 

2013-12-07.63 

56633.63 

11.03 

- 


- 

> 19.4 

23.9 + 24.0 

18.0 ± 18.0 

00032613013 

_3 

0.3 

2013-12-07.63 

56633.63 

11.03 

- 


- 

- 

2.0+ 0.9 

1.5 ±0.6 

00032613013 

4 

0.1 

2013-12-07.64 

56633.64 

11.04 

> 19.2 


- 

- 

< 15.1 

< 11.3 

00032613013 

6 

0.3 

2013-12-07.64 

56633.64 

11.04 

- 

> 

19.1 

- 

2.4+ 1.0 

1.8 ±0.8 

00032613013 

_5 

0.0 

2013-12-07.64 

56633.64 

11.04 

- 


- 

- 

< 106.0 

< 79.6 

00032613013 

1 

0.1 

2013-12-07.64 

56633.64 

11.04 

- 


- 

- 

< 15.1 

< 11.3 

00032613014 

1 

0.2 

2013-12-08.03 

56634.04 

11.44 

- 


- 

> 19.1 

4.6+ 1.8 

3.4 ± 1.4 

00032613014 

2 

1.4 

2013-12-08.17 

56634.17 

11.57 

> 19.5 

> 

19.5 

> 19.8 

2.5+ 0.5 

1.9 ±0.4 

00032613015 

\ 

1.1 

2013-12-08.57 

56634.57 

11.97 

> 19.2 

> 

19.5 

> 19.6 

3.5+ 0.6 

2.6 ±0.5 

00032613015 

2 

0.8 

2013-12-08.64 

56634.64 

12.04 

> 19.0 

> 

19.2 

> 19.4 

2.6+ 0.7 

1.9 ±0.5 

00032613016 

\ 

0.1 

2013-12-09.04 

56635.04 

12.44 

- 

> 

18.2 

- 

3.6+ 2.5 

2.7 ± 1.9 

00032613016 

2 

0.1 

2013-12-09.10 

56635.10 

12.50 

- 

> 

18.2 

- 

4.2+ 2.9 

3.1 ±2.2 

00032613016 

3 

0.1 

2013-12-09.17 

56635.17 

12.57 

- 

> 

18.2 

- 

< 11.2 

< 8.4 

00032613016 

4 

0.4 

2013-12-09.17 

56635.17 

12.57 

- 

> 

18.8 

> 19.2 

2.1 +0.9 

1.5 ±0.7 

00032613016 

5 

1.6 

2013-12-09.50 

56635.50 

12.90 

> 19.8 

> 

19.2 

> 19.8 

2.9+ 0.5 

2.1 ±0.4 

00032613016 

6 

1.7 

2013-12-09.57 

56635.57 

12.97 

> 19.8 

> 

19.1 

> 19.7 

2.0 + 0.4 

1.5 ±0.3 

00032613016 

1 

0.5 

2013-12-09.64 

56635.64 

13.04 

> 18.9 

> 

18.4 

> 19.0 

3.7+ 0.9 

2.8 ±0.7 

00032613017 

\ 

1.7 

2013-12-10.44 

56636.44 

13.84 

> 19.7 

> 

19.8 

> 19.9 

3.2+ 0.5 

2.4 ± 0.4 

00032613017 

2 

1.7 

2013-12-10.50 

56636.50 

13.90 

> 19.6 

> 

19.8 

> 19.8 

3.5+ 0.5 

2.6 ± 0.4 

00032613017 

_3 

0.4 

2013-12-10.57 

56636.57 

13.97 

> 18.6 

> 

18.8 

> 18.9 

2.5+ 0.9 

1.9 ±0.7 

00032613018 

_1 

0.4 

2013-12-11.04 

56637.04 

14.44 

> 18.6 

> 

18.7 

> 18.8 

< 3.0 

<2.3 

00032613018 

2 

0.8 

2013-12-11.11 

56637.11 

14.51 

> 19.2 

> 

19.3 

> 19.4 

2.4 + 0.6 

1.8 ±0.5 

00032613018 

_3 

0.9 

2013-12-11.17 

56637.17 

14.57 

> 19.2 

> 

19.3 

> 19.5 

1.5+ 0.5 

1.1 ±0.4 

00032613019 

_1 

0.3 

2013-12-11.31 

56637.30 

14.70 

> 18.7 

> 

18.0 

> 18.5 

2.1 + 1.0 

1.6 ±0.8 

00032613019 

2 

1.7 

2013-12-11.50 

56637.50 

14.90 

> 19.8 

> 

19.1 

> 19.8 

1.4+ 0.3 

1.0 ±0.3 


Notes: As for Table[T] except for which gives the time in days after the 2013 outburst of M3 IN 2008-12a in the optical on 
2013-11-26.60 UT (MJD = 56622.60), following HND2014. 
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Table 3. continued. 


ObsID_part 

Exp“ 

[ks] 

Date* 

[UT] 

MJD* 

[d] 

Af 

[d] 

UV 

uvm2 

[mag] 

uvwl 

uvw2 

Rate 
[10-2 ct s-'l 

Lo. 2-1.0 
10^^ erg s-'] 

00032613020 

1 

1.5 

2013-12-11.57 

56637.57 

14.97 

> 19.6 

> 

19.7 

> 

19.8 

1.9+ 0.4 

1.4+ 0.3 

00032613020 

2 

0.3 

2013-12-11.64 

56637.64 

15.04 

> 18.5 

> 

18.6 

> 

18.8 

1.4+ 0.7 

1.1 +0.6 

00032613019 

.3 

1.0 

2013-12-11.64 

56637.64 

15.04 

> 19.6 

> 

18.9 

> 

19.5 

1.9+ 0.5 

1.5 +0.4 

00032613021 

1 

0.2 

2013-12-12.04 

56638.04 

15.44 

> 18.9 


- 


- 

1.6+ 1.2 

1.2+ 0.9 

00032613021 

2 

0.9 

2013-12-12.11 

56638.11 

15.51 

19.8 + 0.4 


- 


- 

1.1 +0.4 

0.8+ 0.3 

00032613021. 

.3 

0.8 

2013-12-12.17 

56638.17 

15.57 

> 19.9 


- 


- 

1.3+ 0.4 

0.9+ 0.3 

00032613022 

1 

0.7 

2013-12-12.32 

56638.32 

15.72 

> 19.8 


- 


- 

1.9+ 0.5 

1.4+ 0.4 

00032613022. 

2 

0.7 

2013-12-12.39 

56638.39 

15.79 

> 19.8 


- 


- 

1.2+ 0.4 

0.9+ 0.3 

00032613022 

.3 

0.4 

2013-12-12.45 

56638.45 

15.85 

> 19.6 


- 


- 

< 3.1 

<2.3 

00032613023 

1 

1.2 

2013-12-12.52 

56638.52 

15.92 

> 19.6 

> 

19.5 

> 

19.8 

2.2 + 0.5 

1.6+ 0.4 

00032613023. 

.2 

0.7 

2013-12-12.58 

56638.58 

15.98 

> 19.2 

> 

19.1 

> 

19.4 

1.2+ 0.4 

0.9+ 0.3 

00032613024. 

.1 

0.7 

2013-12-12.78 

56638.78 

16.18 

> 19.8 


- 


- 

1.5+ 0.5 

1.1 +0.4 

00032613024 

2 

0.6 

2013-12-12.85 

56638.85 

16.25 

> 19.8 


- 


- 

1.3+ 0.5 

0.9 + 0.4 

00032613024 

.3 

0.8 

2013-12-12.92 

56638.92 

16.32 

>20.0 


- 


- 

1.5+ 0.5 

1.1 +0.4 

00032613025 

.1 

1.1 

2013-12-13.11 

56639.11 

16.51 

- 

> 

20.1 


- 

0.7+ 0.3 

0.5 + 0.2 

00032613025 

2 

0.9 

2013-12-13.17 

56639.17 

16.57 

- 

> 

19.9 


- 

1.3+ 0.4 

1.0+ 0.3 

00032613026 

.1 

1.1 

2013-12-13.31 

56639.31 

16.71 

- 

> 

20.1 


- 

0.7 + 0.3 

0.5 + 0.2 

00032613026. 

.2 

0.8 

2013-12-13.38 

56639.38 

16.78 

- 

> 

20.0 


- 

<2.0 

< 1.5 

00032613027 

1 

1.1 

2013-12-13.58 

56639.58 

16.98 

- 

> 

20.1 


- 

0.5 + 0.2 

0.4 + 0.2 

00032613027 

.2 

0.8 

2013-12-13.65 

56639.65 

17.05 

- 

> 

20.0 


- 

0.5+ 0.3 

0.4 + 0.2 

00032613028 

1 

1.1 

2013-12-13.78 

56639.78 

17.18 

> 19.4 

> 

19.4 

> 

19.6 

< 1.4 

< 1.0 

00032613028 

.2 

0.9 

2013-12-13.85 

56639.85 

17.25 

> 19.3 

> 

19.4 

> 

19.6 

< 1.4 

< 1.0 

00032613029 

.1 

0.3 

2013-12-14.24 

56640.25 

17.65 

- 


- 


- 

< 3.2 

< 2.4 

00032613030 

1 

0.9 

2013-12-14.38 

56640.38 

17.78 

- 


- 


- 

0.8+ 0.3 

0.6 + 0.3 

00032613031 

.1 

1.1 

2013-12-14.52 

56640.52 

17.92 

- 


- 


- 

< 0.9 

< 0.7 

00032613031 

2 

0.3 

2013-12-14.60 

56640.59 

17.99 

- 


- 


- 

< 2.8 

< 2.1 

00032613031 

3 

0.3 

2013-12-14.66 

56640.66 

18.06 

- 


- 


- 

<4.2 

< 3.2 

00032613031 

.4 

0.2 

2013-12-14.71 

56640.71 

18.11 

- 


- 


- 

< 3.7 

< 2.8 

00032613032 

.1 

0.8 

2013-12-14.78 

56640.78 

18.18 

> 19.2 

> 

19.3 

> 

19.5 

<2.1 

< 1.5 

00032613032 

.2 

1.0 

2013-12-14.85 

56640.85 

18.25 

> 19.5 

> 

19.5 

> 

19.7 

< 1.2 

< 0.9 
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